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DETAILED ACTION 



Response to Arguments 

Applicant's arguments filed September 20, 2004 have been fully considered but 
they are not persuasive. 

Applicant argues Sabin (US 6,026,421) teaches using four Large Integer Units 
(LIUs) to perform computations on large integer words and does not disclose the use of 
one single arithmetic unit to perform the large integer word calculations. Examiner 
agrees that Sabin does teach interconnecting four LIUs to form one single LIU array 39 
(the arithmetic unit) that performs the computations on the large integer words. 
However, examiner respectfully asserts the example given by Sabin arbitrarily chooses 
connecting four LIUs to form the LIU array 39. Sabin does not restrict his LIU array 39 to 
having only four LIUs. In fact, Sabin makes it clear the LIU array can be composed of 
only one single LIU (see column 4, lines 51-52) that achieves the same processing 
given in the general discussion (see column 4, lines 58-62). With this in mind, the 
examiner contends LIU array 39 composed of only one LIU would function in a manner 
similar to the single arithmetic unit of applicant's invention. 

Applicant further argues Sabin does not disclose a control circuit for enabling the 
performance of large integer word calculations. Examiner respectfully disagrees and 
contends Sabin does teach the use of a controller (control circuit) for enabling large 
integer word calculations to be performed within the system (see column 11, lines 32- 
49; The LIU Array can be combined with a controller . . . capable of performing 
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computations . . . The controller 41 manipulates the signals of the LIU Array 39 to cause 
the array to perform the desired operation. . . ). 

Based on the above arguments the examiner maintains the previous rejection 
shown below. 

Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(e) the invention was described in (1) an application for patent, published under section 122(b); by 
another filed in the United States before the invention by the applicant for patent or (2) a patent 
granted on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that an international application filed under the treaty defined in section 
351 (a) shall have the effects for purposes of this subsection of an application filed in the United States 
only if the international application designated the United States and was published under Article 21(2) 
of such treaty in the English language. 

Claims 1-18 are rejected under 35 U.S.C. 102(e) as being anticipated by U.S. 
patent 6,026,421 granted to Sabin et al. 

Regarding claim 1 t Sabin meets the claimed limitations as follows: 
"A multi-word arithmetic device for executing modular arithmetic on multi-word integers, 
in accordance with instructions from an external device, the multi-word arithmetic device 
comprising: 

a memory; " see Figure 1, element 12. 

"an arithmetic unit for executing, on word units, at least two types of word 
calculations, including addition and multiplication, and outputting a one-word calculation 
result;'" see column 3, lines 26-33 
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"a memory input/output circuit for performing (1 ) a first data transfer for storing in 
the memory at least one integer received from an external device, (2) a second data 
transfer for inputting at least one integer stored in the memory into the arithmetic unit in 
word units, (3) a third data transfer for storing in the memory the calculation result 
output from the arithmetic unit, and (4) a fourth data transfer for outputting the 
calculation result from the memory to the external device;" see column 7, line 61 to 
column 8, line 20 and column 12, line 40 to column 13, line 20. 

"and a control circuit for, according to instructions received from the external 
device, 

(a) specifying, to the memory input/output unit, data to be transferred by the 
second and third data transfers, 

and (b) specifying, to the arithmetic unit, a type of calculation to be executed, 
thereby controlling: (i) the arithmetic unit to selectively perform one of at least two types 
of modular arithmetic on the at least one integer stored in the memory; and (ii) the 
memory input/output circuit to store the calculation result of the modular arithmetic into 
the memory, 

wherein the selected modular arithmetic includes a plurality of word calculations, 
each word calculation for a different word of the at least one integer; 

when the selected modular arithmetic is performed, the control circuit repeatedly 
instructs, for each word of the at least one integer, the arithmetic unit to perform the 
word calculation." see column 1 1 , lines 42-49 and column 1 2, line 30 to column 1 3, line 
20. 
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Regarding claim 2, Sabin meets the claimed limitations as follows: 
"The multi-word arithmetic device of Claim 1 , wherein at least two integers are stored in 
the memory, the arithmetic unit includes: 

an adder for adding at least two pieces of one-word data; 

and a multiplier for multiplying at least two pieces of one-word data, and 

the memory input/output circuit simultaneously reads one word from each of the 
at least two integers stored in the memory, and outputs the read words to one of the 
adder and the multiplier." see column 3, lines 26-33; column 3, lines 50-56 and column 
1 2, line 30 to column 1 3, line 20. 

Regarding claim 3 t Sabin meets the claimed limitations as follows: 
"The multi-word arithmetic device of Claim 2, wherein: 

the memory is divided into two dual-port memories, each allowing access to two 
storage areas designated by two addresses, and allowing (1) two read operations, or (2) 
one read operation and one write operation to be performed simultaneously on word 
units; and 

the at least two integers are stored in each dual-port memory so that the memory 
input/output: circuit can simultaneously (1) read a piece of one-word data 
simultaneously from each of the integers stored in the two dual-port memories, and 
have the read pieces of data input into one of the adder and the multiplier, and (2) write 
a piece of one-word data output from one of the adder and the multiplier into one of the 
two dual-port memories." see column 14, lines 28-53. 

Regarding claim 4, Sabin meets the claimed limitations as follows: 



Application/Control Number: 09/544,069 Page 6 

Art Unit: 2137 

"The multi-word arithmetic device of Claim 1, wherein the arithmetic unit, according to 
instructions from the control circuit,' executes one of the following three calculations: 
(1) addition: of at least two pieces of one-word data; (2) multiplication of two 
pieces of one-word data; and (3) multiplication of two pieces of one-word data and 
accumulation 

of multiplication results." see column 3, lines 26-33; column 3, lines 50-56; column 7, 
line 33 to column 8, line 20 and column 12, line 30 to column 13, line 20. 

Regarding claim 5, Sabin meets the claimed limitations as follows: 
"The multi-word arithmetic device of Claim 4, wherein the arithmetic unit includes 

a multiplier receiving an input of two pieces of one-word data and outputting a 
piece of two-word data; 

an adder receiving an input of at least two pieces of two-word data, including a 
piece of two-word data output from the multiplier, and outputting a piece of multi-word 
data; and 

a selecting circuit selecting, according to instructions from the control circuit: 

(1 ) , data to be input into one of the multiplier and the adder out of data 
transmitted from the memory input/output circuit; and 

(2) data to be output as the calculation result out of data output from one of the 
adder and the multiplier." see column 3, lines 26-33; column 3, lines 50-56; column 7, 
line 33 to column 8, line 20 and column 12, line 30 to column 13, line 20. 

Regarding claim 6, Sabin meets the claimed limitations as follows: 
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"The multi-word arithmetic device of Claim 1 , wherein the at least two types of modular 
arithmetic include modular addition, and 

on receiving, from the external device, an instruction to execute modular addition 
and an indication of a number of words n for each integer on which modular addition is 
to be performed, the control circuit controls the memory input/output circuit and the 
arithmetic unit to execute the following processing: 

(1) the memory input/output circuit obtains from the external device and stores in 
the memory two n-word integers A and B on which modular addition is to be executed 
and a n-word integer P showing a modulus; 

(2) the memory input/output circuit (a) reads simultaneously, from the integers A, 
B and P stored in the memory, pieces of one-word data a, b and p, each with a same 
digit position, and has the read pieces of data input into the arithmetic unit, while (b) 
storing in the memory a piece of one-word data w output from the arithmetic unit, and 
repeats processes (a) and (b) sequentially from a lowest-order word in each integer until 
n words of data are obtained, enabling an n-word integer W to be stored in the memory; 
and 

(3) the arithmetic unit repeats n times a process in which the pieces of data a, b 
and p received from the memory input/output circuit are computed as a + b - p, 
propagating a carry, and a result w is output." see column 3, lines 26-33; column 3, lines 
50-56; column 7, line 33 to column 8, line 20 and column 12, line 30 to column 13, line 
20. 

Regarding claim 7, Sabin meets the claimed limitations as follows: 
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"The multi-word arithmetic device of Claim 6, wherein the control circuit determines 
whether a carry has been generated by the arithmetic unit immediately after completion 
of the processing (1 ) to (3) and if a carry has been generated, further controls the 
memory input/output circuit and the adder to execute the following processing: 

(4) the memory input/output circuit (a) reads simultaneously, from the integers W 
and P stored in the memory, pieces of one-word data w and p, each with a same digit 
position, and has the read pieces of data input into the arithmetic unit, while (b) storing 
in the memory a piece of one-word data c output from the arithmetic unit and repeats 
processes (a) and (b) sequentially from a lowest-order word in each integer until n 
words of data are obtained, enabling an n-word integer C to be stored in the memory; 
and 

(5) the arithmetic unit repeats n times a process in which the pieces of data w 
and p received from the memory input/output circuit are computed as w + p, 
propagating a carry, and a result c is output." see column 3, lines 26-33; column 3, lines 
50-56; column 7, line 33 to column 8, line 20 and column 12, line 30 to column 13, line 
20. 

Regarding claim 8, Sabin meets the claimed limitations as follows: 
"The multi-word arithmetic unit of Claim 1 , wherein the at least two types of modular 
arithmetic include Montgomery reduction calculating a residue for A-R A (-1 ) mod P, when 
each word has k bits, A is a 2n-word integer used for input data, R is an integer 2 A (kxn) 
and P is an n-word integer; and 
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upon receiving, from the external device, an instruction to execute Montgomery 
reduction and an indication of a number of words 2n for an integer A on which 
Montgomery reduction is to be performed, the control circuit controls the memory 
input/output circuit and the arithmetic unit to execute Montgomery reduction." see 
column 3, lines 26-33; column 3, lines 50-56; column 7, line 33 to column 8, line 20; 
column 12, line 30 to column 13, line 20 and column 17, line 29 to column 21, line 37. 

Regarding claim 9, Sabin meets the claimed limitations as follows: 
"The multi-word arithmetic device of Claim 8, wherein, when receiving an instruction to 
execute Montgomery reduction from the external device, the control circuit controls the 
memory input/output circuit and the arithmetic unit so as to execute the following 
processing: 

(1 ) the memory input/output circuit acquires integers A, P and V from the external 
device and stores the obtained integers in the memory, the integer V being -P A (-1) mod 
R; 

(2) the arithmetic unit computes partial products for words from each of (i) a 
lower n words of the integer A stored in the memory, and (ii) the integer V, and 
accumulates words in partial products having a same digit position, repeating the 
process sequentially from a lowest word in each integer until n words of accumulated 
results are obtained, and storing the accumulated results in the memory as a piece of 
n-word intermediate data B; 

(3) the arithmetic unit computes partial products for words from each of (a) the 
piece of intermediate data B and (b) the integer P stored in the memory, and 



Application/Control Number: 09/544,069 Page 10 

Art Unit: 2137 

accumulates words in the partial products having a same digit position so that, when a 
lowest word is a 0th word, accumulated results for a Oth to (n-3)th word are not 
obtained, but accumulated results for a (n-2)th word to a (2n-1)th word are obtained and 
stored in the memory as the upper (n+l) words of a piece of intermediate data D; 

(4) the arithmetic unit (a) generates (i) a carry obtained from a one-word addition 
performed by adding a lowest word from each of the piece of intermediate data D and 
an integer AA, and (ii) a one-bit logical value, the integer AA being an upper (n+l) words 
of the integer A, and the one-bit logical value being 0 when a one-word addition result is 
0, and 1 when the one-word addition result is not 0, and (b) adds an upper n words of 
the piece of intermediate data D, an upper n words of the integer AA, the carry and the 
one-bit logical value, by repeating addition of word units sequentially from a lowest word 
in each integer, while propagating a carry, until n words of data are obtained, and stores 
an addition result in the memory as a piece of n-word output data M; and 

(5) when the output data M stored in the memory is at least as large as the 
integer P, the arithmetic unit subtracts the integer P from the output data M until the 
output data M is 0 or a positive integer smaller than the integer P, by repeating 
subtraction of word units sequentially from a lowest word in each integer, while 
propagating a carry, until n words of data are obtained, and stores the subtraction 
results in the memory as a new piece of n-word output data M." see column 3, lines 
26-33; column 3, lines 50-56; column 7, line 33 to column 8, line 20; column 12, line 30 
to column 1 3, line 20 and column 1 7, line 29 to column 21 , line 37. 

Regarding claim 10, Sabin meets the claimed limitations as follows: 
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"The multi-word arithmetic device of Claim 9, wherein in processing (4), the arithmetic 
unit adds a piece of one-word data containing all ones to the piece of intermediate data 
D and the integer AA, and stores an upper n words of an obtained addition result in the 
memory as the output data M. M see column 3, lines 26-33; column 3, line 50 to column 
4, line 47; column 7, line 33 to column 8, line 20; column 12, line 30 to column 13, line 
20 and column 1 7, line 29 to column 21 , line 37. 

Regarding claim 1 1 , Sabin meets the claimed limitations as follows: 
"The multi-word arithmetic device of Claim 10, wherein, in -processing (2) and (3), the 
arithmetic unit selects sets of word pairs, each set formed from all the pairs of words 
that generate a partial product with a same digit position, sets input values in the 
multiplier, and computes and accumulates the partial products for the selected pairs of 
words in sequence from the set with a lowest digit position." see column 3, lines 26-33; 
column 3, line 50 to column 4, line 47; column 7, line 33 to column 8, line 20; column 
12, line 30 to column 13, line 20 and column 17, line 29 to column 21, line 37. 

Regarding claim 12, Sabin meets the claimed limitations as follows: 
"The multi-word arithmetic device of Claim 1 1 , wherein, in processing (2) and (3), the 
arithmetic unit stores in the memory as part of a multiplication result a lower word from a 
two-word accumulated result obtained by accumulating partial products with the same 
digit position, and adds an upper word from the accumulated result to partial products 
that have a digit position one word higher and are thus the next to be calculated." see 
column 3, lines 26-33; column 3, line 50 to column 4, line 47; column 7, line 33 to 
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column 8, line 20; column 12, line 30 to column 13, line 20 and column 17, line 29 to 
column 21, line 37. 

Regarding claim 13, Sabin meets the claimed limitations as follows: 
"The multi-word arithmetic device of Claim 12, wherein the arithmetic unit performs an 
operation for storing a lower word from the accumulated result in the memory 
simultaneously with an operation for adding an upper word from the accumulated result 
to partial products that have a digit position one word higher and are thus the next to be 
calculated." see column 3, lines 26-33; column 3, line 50 to column 4, line 47; column 7, 
line 33 to column 8, line 20; column 12, line 30 to column 13, line 20 and column 17, 
line 29 to column 21 , line 37. 

Regarding claim 14, Sabin meets the claimed limitations as follows: 
"The multi-word arithmetic device of Claim 10, wherein, when computing and 
accumulating partial products in processing (2) and (3), the arithmetic unit updates 
accumulated values by (a) simultaneously (i) computing a partial product and (ii) 
reading a previously accumulated one-word value from the memory, (b) adding the 
accumulated one-word value to a corresponding word in the partial product, and (c) 
storing a result of the addition in a corresponding area of the memory." see column 3, 
lines 26-33; column 3, line 50 to column 4, line 47; column 7, line 33 to column 8, line 
20; column 1 2, line 30 to column 1 3, line 20 and column 1 7, line 29 to column 21 , line 
37. 

Regarding claim 15, Sabin meets the claimed limitations as follows: 
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"A multi-word arithmetic device for executing modular arithmetic on multi-word integers, 
in accordance with instructions from an external device, the multi-word arithmetic device 
comprising: 

a memory; 

an arithmetic unit for executing, on word units, at least two types of word 
calculation, including addition and multiplication, and outputting a one-word calculation 
result; 

a memory input/output circuit for performing (1 ) a first data transfer for storing in 
the memory at least one integer received from an external device, (2) a second data 
transfer for inputting at least one integer stored in the memory into the arithmetic unit in 
word units, (3) a third data transfer for storing in the memory the calculation result 
output from the arithmetic unit, and (4) a fourth data transfer for outputting the 
calculation result from the memory to the external device; and 

a control circuit for, according to instructions received from the external device, 

(a) specifying, to the memory input/output unit, data to be transferred by the 
second and third data transfers, and 

(b) specifying, to the arithmetic unit, a type of calculation to be executed, thereby 
controlling: 

(i) the arithmetic unit to selectively perform one of at least two types of modular 
arithmetic on the at least one integer stored in the memory; and 
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(ii) the memory input/output circuit to store the calculation result of the modular 
arithmetic into the memory, wherein the at least two types of modular arithmetic include 
modular addition and Montgomery reduction; 

the control circuit controls the memory input/output circuit and the arithmetic unit 
so that the arithmetic unit (1 ) computes A+B mod P when an instruction for executing 
modular addition is received from the external device, A, B and. P being n-word 
integers, and (2) computes a residue for A* R A (-1 ) mod P, when an instruction for 
executing Montgomery reduction is received from the external device, each word having 
k bits, A being a 2n-word integer used as input data, R being an integer 2"(k*n) and P 
being an n-word integer, 

the selected modular arithmetic includes a plurality of word calculations, each 
word calculation for a different word of the at least one integer, and 

when the selected modular arithmetic is performed, the control circuit repeatedly 
instructs, for each word of the at least one integer, the arithmetic unit to perform the 
word calculation." see column 3, lines 26-33; column 3, line 50 to column 4, line 47; 
column 7, line 33 to column 8, line 20; column 11, lines 42-49,-column 12, line 30 to 
column 1 3, line 20; column 1 7, line 29 to column 21 , line 37 and column 1 7, line 29 to 
column 21, line 37. 

Regarding claim 16, Sabin meets the claimed limitations as follows: "The 
multi-word arithmetic unit of Claim 15, wherein the arithmetic unit includes: 

a multiplier receiving an input of two pieces of one-word data and outputting a 
piece of two-word data; 
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an adder receiving an input of at least two pieces of two-word data, including a 
piece of two-word data output from the multiplier, and outputting a piece of multi-word 
data; and 

a selecting circuit selecting, according to instructions from the control circuit: 

(1 ) , data to be input into one of the multiplier and the adder out of data 
transmitted from the memory input/output circuit; and 

(2) data to be output as the calculation result out of data output from one of the 
adder and the multiplier/' see column 3, lines 26-33; column 3, line 50 to column 4, line 
47; column 7, line 33 to column 8, line 20; column 11, lines 42-49;column 12, line 30 to 
column 13, line 20; column 17, line 29 to column 21, line 37 and column 17, line 29 to 
column 21, line 37, 

Regarding claim 17, Sabin meets the claimed limitations as follows: 
"The multi-word arithmetic unit of Claim 16, wherein the memory is divided into two 
dual-port memories, each allowing access to two storage areas designated by two 
addresses, and allowing (1) two read operations, or (2) one read operation and one 
write operation to be performed simultaneously on word units; and 

the at least two integers are stored in each dual-port memory so that the memory 
input/output circuit can simultaneously (1 ) read a piece of one-word data simultaneously 
from each of the integers stored in the two dual-port memories, and have the read 
pieces of data input into one of the adder and the multiplier, and (2) write a piece of 
one-word data output from one of the adder and the multiplier into one of the two 
dual-port memories." see column 3, lines 26-33; column 3, line 50 to column 4, line 47; 
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column 7, line 33 to column 8, line 20; column 1 1 , lines 42-49;column 12, line 30 to 
column 13, line 20; column 14, lines 28-53; column 17, line 29 to column 21, line 37 and 
column 17, line 29 to column 21, line 37. 

Regarding claim 18, Sabin meets the claimed limitations as follows: 
"A multi-word arithmetic device for executing modular arithmetic on multi-word integers, 
in accordance with instructions from an external device, the multi-word arithmetic device 
comprising: 

an arithmetic unit for executing, on word units, at least two types of word 
calculations, including addition and multiplication, and outputting a one-word calculation 
result, the arithmetic unit to selectively perform one of at least two types of modular 
arithmetic on at least one integer; and 

a control circuit configured to specifying to the arithmetic unit a type of word 
calculation to be executed," see column 1 1 , lines 32-49; (The LIU Array can be 
combined with a controller . . . capable of performing computations . . . The controller 41 
manipulates the signals of the LIU Array 39 to cause the array to perform the desired 
operation. . . ) 

"wherein the selected modular arithmetic includes a plurality of word calculations, 
each word calculation for a different word of the at least one integer, and 

when the selected modular arithmetic is performed, the control circuit repeatedly 
instructs, for each word of the at least one integer, the arithmetic unit to perform the 
word calculation." see column 3, lines 26-33; column 3, line 50 to column 4, line 47; 
column 7, line 33 to column 8, line 20; column 11, lines 42-49,-column 12, line 30 to 
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column 13, line 20; column 17, line 29 to column 21, line 37 and column 17, line 29 to 
column 21, line 37. 

Conclusion 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1 .1 36(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the mailing date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Matthew B Smithers whose telephone number is (571 ) 
272-3876. The examiner can normally be reached on Monday-Friday (8:00-4:30) EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Andrew T Caldwell can be reached on (571) 272-3868. The fax phone 
number for the organization where this application or proceeding is assigned is 703- 
872-9306. 



Application/Control Number: 09/544,069 Page 18 

Art Unit: 2137 
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